Abstract-Surface plasmon polariton (SPP) based on metal-dielectric interface can greatly enhance the evanescent field, and so its propagation control is very important. SPP on the flat and structured silver film is numerically studied by 2D finite-difference time-domain method. Confined SPP distributions of two kinds of structured silver films demonstrate a virtual probe with a constant size of 140 nm. The influencing factors, modulation depth and incident spot size, are discussed.
Near-field nanometric light source is of great interest for its super-resolution ability in imaging, data storage, and so on. The concept of a virtual probe is proposed by T. Grosjean [1, 2] to overcome the extreme difficulty of separation regulation between probe and sample. The principle is based on the destructive combination of TM polarized evanescent light beams, and confined intensity distribution can be generated and keep a constant size in a certain range. T. Hong [3] obtained a simulation result of virtual probe by finite-difference time-domain (FDTD) method. E. Descrovi [4] proposed to realize a virtual probe based on the excitation of surface plasmon polariton (SPP) on structured thin metal film. In this paper, by 2D-FDTD method, the excitation of SPP on flat and structured metal film is numerically analyzed, and some influencing factors of virtual probe are studied.
For a flat metal film on a glass substrate, the incident light will be totally reflected at the metal-glass interface when the incident angle is larger than the critical angle. When TM polarized light with an appropriate incident angle matches SPP wavevector, SPP can be resonantly excitated as shown in Fig. 1(a) . A collimated Gaussian beam with wavelength 470 nm is incident at 43.2 • , and the illuminant spot size is 1 µm. The silver film is 25 nm in thickness and denoted by the green dashed line. The resonant SPP propagates along the silver-air interface and its amplitude decreases in exponential form along vertical direction. However, for TE polarized light under the same conditions, SPP cannot be excitated as shown in Fig. 1(b) . Some light penetrates the silver film for it is thin.
When the silver film is modulated by certain structures, SPP and localized SPP can be resonantly excitated. By design of appropriate structure, propagation and combination of SPPs can be controlled to meet some needs. In Fig. 2(a) , the modulated structure is a flat surface region with length of 110 nm surrounded by approximate sinusoidal modulation with period of 220 nm and modulation depth of 10 nm (similar to the structure of Ref. 4) . When TM polarized Gaussian wave with 3.5 µm spot size is incident at 45 • , the intensity distribution of magnetic field in air is confined to form a central peak with full width at half maximum (FWHM) about 140 nm. The size of the central peak does not increase with distance. In Fig. 2(b) , another modulated structure is presented. The central flat surface region of Fig. 2(a) is changed into a tapered tip and the tip is in the same plane of the silver film. It also produces a confined intensity distribution of magnetic field with central peak intensity a little higher than Fig. 2(a) . Although the central peak has a maximum intensity, but the intensity of the side lobes cannot be omitted. By increasing modulation depth of surrounded structures, the effect of side lobes can be controlled to a certain extent. As shown in Fig. 3 , the field confinement factor of central peak increases with modulation depth, and there is an optimum modulation depth for obtaining maximum magnetic amplitude. The incident spot size also influences the maximum magnetic amplitude and field confinement factor. As shown in Fig. 4 , when the spot size of incident collimated Gaussian beam with constant power increases, the field confinement factor slowly decreases; however, the maximum magnetic amplitude varies a lot, and there is an optimum size of 3.5 µm.
In conclusion, the structured metal film can modulate the excitation and propagation of SPP. By an appropriate structure design, a confined evanescent field distribution can be obtained and used as a near-field optical virtual probe. It can be potentially applied in the field of super-resolution optical imaging, near-field high-density optical storage, nano-lithography and so on.
